macrophages. Experimental observations are presented which suggest that the C F ilveolar macrophage is intrinsically normal but Alveolar macrophages were isolated from three cystic fibrosis that it may be affected by extrinsic factors present in the CF lung.
Speculation
Functional and morphologic observations indicate that cystic fibrosis alveolar macrophages are not providing an adequate phagocytic defense against Pseudomonas. This defective phagocytosis does not appear to arise from an intrinsic problem with the macrophages, but rather appears to be due to extrinsic factors, i.e.. an altered lung environment together with a substance(s) present in cystic fibrosis serum which selectively inhibit Pseudomonas phagocytosis.
Chronic bronchial infection and associated airway obstruction are major factors in the pathophysiology of cystic fibrosis ( C F ) (2) . Although pulmonary infection with Sraph~vlococcus aureus often occurs. Pseudomonas aerugino.sa eventually emerges as the dominant pathogen in the majority o f C F patients (20) . The reason for the predominance of this organism is unknown. The alveolar macrophage has been shown to be important in the defense of the lung against bacterial invasion (5) . Although it originates from the same stem cell as the other phagocytic cells, the function of the alveolar macrophage is more susceptible to impairment by environmental conditions. such as lowered oxygen tension. that do not affect the other phagocytes ( I ) .
Previously. we reported the presence in C F serum of an inhibitory activity against the phagocytosis of P.seudomonas by rabbit and normal human alveolar macrophages (17). Phagocytosis of S. aureus and of Serraria marcescens. another gram-negative organism. was unaffected by this activity. Clinical condition and Pseudornonas agglutinating antibody titer did not correlate with the presence of the activity. Chronic Pseudomonos infection did not appear to be a necessary prerequisite. but the presence of the inhibitory activity usually correlated with a positive Pseudomonas culture history.
In the present study, the structure and function of C F alveolar macrophages was investigated and compared to normal alveolar
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MATERIALS A N D M E T H O D S
All studies were carried out under an approved human investigation protocol and after securing informed consent from all participants.
PREPARATION OF ALVEOLAR MACROPHACiES
Alveolar macrophages were obtained from normal. healthy adult volunteers by fiberoptic bronchoscopy as previously described ( 17).
The C F patients serving as cell donors are described below. C F I is a 7%-year-old girl with mild manifestations of pulmonary involvement (vital capacity 96% of predicted; physical examination normal; chest X-ray score, 20/25). She was found to have atelectasis of the lateral segment of the right middle lobe on a routine chest film. She underwent therapeutic bronchoscopy and was found to have scant secretions in the airways. Lavage of the right middle lobe with 450 ml of saline yielded only a few mucus plugs. The patient had cultured nonmucoid Pseurlornonas on only two occasions prior to lavage. C F 2 is a 13%-year-old girl with moderate manifestations of pulmonary involvement (vital capacity 66% of predicted; diffuse rales and rhonchi on physical examination; chest X-ray score. IS/ 25). She developed increased cough and on a chest film was found to have right middle lobe atelectasis. Therapeutic lavage of the right middle lobe with I liter of saline yielded large amounts of mucopurulent secretions and mucus plugs. One wk later, the right middle lobe was again lavaged with 800 ml of saline. Much less mucopurulent material and fewer plugs were obtained with the second procedure. The patient had consistently cultured mucoid P.seudomonas for seven years prior to the lavage. C F 3 is a 17-year-old man with moderate pulmonary involvement [vital capacity. 100% of predicted. forced expiratory volume in I sec (FEV,) 66% of vital capacity; diffuse rales and rhonchi on physical examination; chest X-ray score. 14/25]. He underwent therapeutic lavage of his right upper lobe with 1.5 liters of normal saline. Large amounts of mucopurulent material and bronchial casts were found in the lavage fluid. The patient had consistently cultured mucoid Pseudomonas for three years prior to the lavage. C F 4 is a 17-year-old man with severe pulmonary involvement (vital capacity, 40% of predicted; FEV,. 40% of vital capacity; arterial PO, consistently less than 40; little air exchange on physical examination; and chest X-ray score. 6/25). He underwent therapeutic bronchopulmonary lavage on repeated occasions, at which time massive quantities of thick mucopurulent secretions were noted in the airways. Large amounts of mucopurulent material and bronchial casts were removed at each lavage. The patient had consistently positive sputum cultures for mucoid Pseudomonas during the seven years prior to the lavages. C F 5 is a 28-year-old man with severe but predominantly rightsided pulmonary involvement (vital capacity 60% of predicted; FEV,. 50% of vital capacity; diminished breath sounds with very coarse rales and rhonchi on the right but normal breath sounds on the left; and chest X-ray score, 14/25). A xenon perfusionventilation scan revealed virtually no perfusion or ventilation of the entire right hemithorax. This patient underwent massive bronchopulmonary lavage to the right lung on repeated occasions for therapeutic purposes. Large amounts of mucopurulent secretions and bronchial casts and plugs were removed at each occasion. The patient had mucoid Pseudomonas at the onset of care at this institution immediately prior to the lavages.
The lung washings from both normal volunteers and C F patients were passed through a blood filter (Travenol Laboratories. Inc.. Deerfield. IL). and centrifuged at 400 X g for 10 min. whereupon the cell pellet was washed three times with normal saline. A small portion of this pellet was washed in 0. I M phosphate buffer (pH 7.8) and processed for electron microscopy. The pellets were resuspended in a volume of saline sufficient to achieve a uniform densi!y. Seven ml of this suspension containing approximately 1 x 10' cells were placed on 3 ml of a Ficoll-Hypaque gradient (Pharmacia Fine Chemicals, Piscataway, N. J.) and centrifuged at 400 x g for 40 min. The cells at the interface were removed. washed with saline. and counted with a Coulter counter model Z, (Coulter Electronics, Inc., Hialeah. FL). Differential cell counts were done with either tetrachrome stain or nonspecific esterase stain (9) . Cultures stained by the former method were photographed in a Zeiss Ultraphot 11. Viability was evaluated by trypan blue dye exclusion.
ESTABLISHMENT OF MACROPHAGE CULTURES
Macrophages were cultured in tissue culture chambers (2-or 4-chamber units; LabTek Products Div., Miles Laboratories. Inc.. Napewille, IL) containing McCoy's 5A medium (Grand Island Biological Co., Grand Island, N. Y.) supplemented with 10Qj heatinactivated fetal calf serum, L-glutamine, (2.9 mg/ml) and antibiotics [gentamicin sulfate (0.1 mg/ml), penicillin ( 100 units/ml). streptomycin (I00 pg/ml), and amphotericin B (0.25 pg/ml)]. C F macrophage cultures were also supplemented with the following amounts of antibiotics: tobramycin (0.1 mg/ml). colistin ( I . I mg/ ml), and amphotericin B (1.25 pg/ml). The two-chamber slides were seeded with approximately i X 10" macrophages per chamber, and the four-chamber slides were seeded with 5 X 10" cells per chamber (21). C F cultures were all washed with Hanks' balanced salt solution (BSS) 30 to 60 min after seeding to remove mucus particles which remained in suspension while the macrophages were firmly attached to the glass surface. Cultures were incubated for 24 to 48 hr at 37OC in a humidified 5% COs atmosphere. To ensure comparability of cell cultures, individual cultures were checked for uniformity of the cell population by examination with an inverted microscope at x 100. and those that were not comparable were discarded.
PREPARATION OF RADIOACTIVE BACTERIA
A clinical isolate of P. aeruginosa [Fisher type 1 (4), Hornrna type 8 (7)] was labeled with ["Hlleucine (specific activity. 30 to 50 Ci/mmole: ICN Pharmaceuticals. Inc.. Iwin. CA). and an isolate of S. aureus was labeled with ["~lthymidine (specific activity. 40 to 60 Ci/mmole, Amersham/Searle Corp.. Arlington Heights. IL) as described previously (14) . These two isolates were used for all the experiments.
SERUM SAMPLES
Ten to 30 ml of blood were obtained from each subject. After clotting at room temperature, the blood was centrifuged at 1500
x g and the serum was decanted. The serum was then aliquoted and, if not used immediately, was stored at -70°C. In some experiments, pooled normal human sera (Grand Island Biological Co.) were used as controls. As described in the previous report (17). the C F serum donors were classified into three categories: good, moderate. and poor clinical condition. This classification was based on a modification (3) of the Shwachman and Kulczycki system (14) and pulmonary function tests. As before. these donors were preselected on the basis of being able to be taken off antibiotics for 48 hr prior to blood drawing. Samples used were also selected on the basis of previous results in phagocytosis assays using rabbit alveolar macrophages (17). The 24-to 48-hr macrophage monolayer cultures were washed three times with BSS before adding the reaction mixture. which consisted of 0.1 ml of I : I dilution of a C F or a normal serum sample in BSS. 0. I ml of the bacterial suspension (the specific activity of the bacteria was always greater than 10 ' cpm per bacterium), and 0.8 ml of BSS.
All components were preincubated individually at 37OC. The ratio of bacteria to cells varied between 10: 1 and 100: 1. The exact number of bacteria used in each experiment was determined by plate counts from dilutions of the original bacteria inoculum. The variation in the ratio of bacteria to cells over this range did not affect the comparison of phagocytosis in the presence of C F and normal serum because the ratio was constant within each experiment. The experiments were performed in parallel. 1.e.. each assay included duplicate tests of both C F and normal serum samples. The chambers were incubated at 37'C with gentle shaking for 30 min. wt,ereupon the supernatant was decanted. and the cell layer was washed six times with cold BSS. One ml of cold distilled water was then added to each culture to lyse the cell monolayer. The cells were allowed to swell for at least 30 min in the cold and then disrupted by vigorous pipetting. Observations of the culture vessels with an inverted microscope ( x 100) routinely revealed all the cells to be disrupted by this procedure. One-tenth ml of the lysate was then counted in Triton X-100 toluene scintillation fluid. C'alculations were as follows cpm in lysate from each culture Pellets of cells were fixed at room temperature for 2 hr in halfstrength Karnovsky's (8) fixative buffered with phosphate. After rinsing in buffered sucrose, they were postfixed for 2 hr in phosphate-buffered 2% osmium tetroxide ( 10) . The pellets were briefly rinsed in distilled water. soaked overnight in cold 0.25':;' aqueous uranyl acetate, and once again rinsed in distilled water. Dehydration in ascending concentrations of ethanol and passage through propylene oxide were followed by embedment in Epon-Maraglas ( 16). Thin sections were stained sequentially in methanolic uranyl acetate (15) and lead tartrate ( I I ) and examined with a Siemens Elmiskop la electron microscope.
RESULTS
C'F L A V A C i t FLUID
The lavage fluid varied considerably from patient to patient. Table I shows the cellular composition and viability of the cells from the fluid of the five patients. The three patients in better clinical condition (CF-I. CF-2. and CF-3) had greater percentages of macrophages. whereas the two patients in poorer clinical condition (CF-4 and CF-5) had virtually no macrophages. Both of these patients had minimal lung function in the area lavaged. The ' Average o f 10 controls. -.
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First lavage on C'F-2. These were carned out w~t h 5 X 10'uells.
" Second lavage on CF-2. normal macrophages. Because the alveolar macrophages from the C F patients were all isolated on a Ficoll-Hypaque gradient, the effect of the gradient on cells from a normal volunteer was evaluated. Table 2 shows the results. The gradient had no effect on Pseudomonas phagocytosis by normal alveolar macrophages. 
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-----' All assays were carried out with I x 10" macrophages except those desinnated bv footnote 2.
-'These were carried out with 5 x 10' cells ' Average of two experiments. Table 3 shows the Pseudomonas phagocytosis results of cells from the 3 C F patients (CF-I, CF-2, and CF-3) from whom alveolar macrophages were successfully isolated. All of the C F cells were able to phagocytize Pseudomonas in the presence of normal serum. but phagocytosis was inhibited in the presence of autologous or heterologous C F serum. Although variation occurred in the percentage of phagocytosis. the percentage of inhibition was rather constant. This is shown clearly in the case of CF-2. Two lavages were performed on this patient. Cells from the first lavage phagocytized at a high level (7.1% in presence of C F serum and 30.4% in presence of normal serum), whereas the cells from the second lavage exhibited a lower level (0.8% in C F serum and 6.3% in normal). However. on comparison of the percentage of inhibitions there is little difference (77% for the cells of the first lavage and 87% for those of the second lavage).
The percentage of inhibition of Pseudomonas phagocytosis by C F and normal alveolar macrophages in the presence of C F serum is compared in Table 4 . C F serum extensively inhibited phagocytosis in both normal cells and C F cells.
PHAGOCYTOSIS OF S. A UREUS
Phagocytosis of S. aureus by both C F and normal macrophages is shown in Table 5 . In contrast to Pseudomonas phagocytosis, C F and normal macrophages show little difference in their ability to phagocytize S. aureus either in the presence of C F or normal serum.
F.I.F:.('TRON MICROSCOPY
Cellular pellets obtained from C F lavage fluid by centrifugation consisted of macrophages and PMN's (Fig. 2) . The latter cells were heavily engaged in phagocytosis as shown by their abundant dense phagosomes. Many of these cells were in various stages of degeneration. The macrophages (Fig. 3) showed a spectrum of organelles and inclusions. Representative cells possessed a moderate number of phagosomes containing myelin figures and some primary lysosomes. Similarly, macrophages (Fig. 4) from normal donors had a moderate number of phagosomes and lysosomes. No discernible difference was evident between C F and normal alveolar macrophages.
DISCUSSION
The host-parasite relationship in C F pulmonary disease is complex. It is a cycle that apparently begins with the pulmonary obstruction that is inherent in the disease. This leads to infection and inflammation, which cause further obstruction, resulting in increased infection. The end result is progressive lung damage. Once started, this cycle is difficult to interrupt.
Because control of pulmonary infection is dependent on the efficient functioning of alveolar macrophages (5) . it is important to assess their competence in C F patients and factors which affect them. The data presented indicate that in some infected CF patients viable and functional alveolar macrophages can be isolated and that the phagocytic properties of these cells are similar to cells from normal individuals. However. Pseudomonas phagocytosis by these C F macrophages and those from normals is inhibited by C F serum. In contrast. C F serum does not inhibit the phagocytosis of S. aureus by either C F or normal cells. The role of S. aureus in the progression of the pathophysiology of C F pulmonary infection is unclear. Most patients are colonized initially with S. aureus but later Pseudomonas emerges as the predominant pathogen. Although the phagocytosis of S. aureus by C F and normal macrophages appears to be the same, additional experiments comparing C F and normal cells in the presence of the same serum samples are needed to fully evaluate the phagocytosis of S. aureus. In general, the percentage of phagocytosis of S. aureus appears low. However, the strain used in these experi- ' cpm in 0.1 ml aliquot of I .0 ml lysate. ' Percentage of radioactive organisms engulfed in 30 min (see "Materials and Methods" for details). ' These were carried out with 5 x 10" cells. Experience with lavage fluid from 5 C F patients indicates marked differences in cellular composition. apparently related to clinical condition. Patients in poorer condition with greatly decreased pulmonary function had fewer macrophages. This may be related to the fact that the alveolar macrophage does not function under conditions of low oxygen tension (1). The PMN alone is not able to control infection and requires the macrophage to "clean up." When the macrophage is not present, the degenerating PMN may actually increase the lung damage and contribute to the pathophysiology of the disease. The exclusion of trypan blue by cells from the lavage fluid appears to over estimate the number of viable cells because both light and electron microscopy indicate a considerable number of degenerating PMN's. When isolated from patients in better condition, C F macrophages were shown to be viable and functional in vitro by their ability to adhere to glass and to phagocytize in the presence of normal serum.
The in virro phagocytic function of the C F macrophage toward Pseudomonas appears to be altered by an inhibitory activity present in C F serum (17). The ultrastructural studies d o not suggest any increase of in vivo phagocytosis by C F alveolar macrophages when these cells are compared to those from uninfected normals. Specifically, the C F macrophages showed no evidence of bacterial phagocytosis. and the number, size, and contents of their phagosomes were identical to those from normal donors. In contrast. PMN's from C F patients with Pseudomonas infection were clearly engaged in extensive phagocytic activity. The normal morphology and the in virro studies in the presence of normal serum indicate a normal phagocytic potential, and yet the macrophages d o not appear to have been heavily engaged in phagocytosis as would be expected with chronic infection. These observations suggest that inhibition of Pseudomonas phagocytosis may also be occurring in vivo.
Although the alveolar macrophage originates from the same stem cell as macrophages in other parts of the body. it has unique morphologic and enzyme characteristics and responds differently to environmental conditions (12) . The other phagocytic cells of the C F patient appear to be able to control infection because sepsis is a rare occurrence in C F even in the terminal stages (19) . This is in a sharp contrast to burn patients, cancer patients, and immunosuppressed individuals who rapidly develop septicemia when infected with Pseudomonas ( 19) .
The unusual pulmonary susceptibility of the C F patient to a ubiquitous. normally nonpathogenic organism is an unexplained phenomenon. We have demonstrated that C F alveolar macrophages can function normally in a suitable environment but that C F serum contains an activity that specifically inhibits Pseudomonas phagocytosis by C F as we!l as normal alveolar macrophages. Pulmonary lavage fluid is known to contain many serumderived components (13) . Thus. the chronic pulmonary infection of C F may be due to an extrinsic factor in an altered lung environment and does not appear to be related to an intrinsic cellular defect of the macrophage. Although not conclusive. data presented in the previous report (17) suggest that the seruminhibitory activity may be acquired as a result of Pseudomonas infection. Studies are in progress to determine if this inhibitory activity is present in lavage fluid from patients with CF and other chronic obstructive lung diseases. Characterization and identification of this activity may indicate ways of altering the hostparasite relationship in the C F pulmonary tract.
